We study (1 + λp)-constacyclic codes over Z p m of an arbitrary length, where λ is a unit of Z p m and m 2 is a positive integer. We first derive the structure of (1 + λp)-constacyclic codes of length In particular, the Gray images of (1 + λp)-constacyclic codes over Z p 2 are also discussed.
Introduction
Codes over finite rings have been studied since the early 1970s. After the discovery that certain good nonlinear binary codes can be constructed from cyclic codes over Z 4 via the Gray map [10] , codes over finite rings have received much more attention. In particular, constacyclic codes over finite rings have been a topic of study (see, for example, [2] [3] [4] 6, 11, [13] [14] [15] [16] [17] [18] [19] ). In [16, 17] , Wolfmann studied negacyclic codes over Z 4 of odd length and gave some important results about such negacyclic codes. Tapia-Recillas and Vega generalized these results to the setting of codes over Z 2 k in [14] . Later, Ling and Blackford extended most of the results in [14, 16, 17] to the ring Z p k+1 in [11] , where some constacyclic codes over Z p k+1 were characterized. More generally, the structure of negacyclic codes of length n over a finite chain ring R such that the length n is not divisible by the characteristic p of the residue fieldR was obtained by Dinh and López-Permouth in [6] . The situation when the code length n is divisible by the characteristic p of the residue fieldR yields the so-called repeated-root codes. In recent years, several classes of repeated-root constacyclic codes over finite rings have been studied extensively (see, for examples, [2] [3] [4] 6, 13, 18, 19] ). Using a transform approach, Blackford [2] classified all negacyclic codes over Z 4 of even length and generalized Wolfmann's results [16, 17] to negacyclic codes of even length. Sȃlȃgean [13] showed that negacyclic codes of even length over the Galois ring GR (2 a , m) are principally generated. In [4] , Dinh studied the structure of λ-constacyclic codes of length 2 s over Z 2 a where λ is any unit of Z 2 a with form 4k − 1, and established the Hamming, homogeneous, Lee, and Euclidean distances of all such constacyclic codes.
In this paper, we investigate (1 + λp)-constacyclic codes over Z p m of an arbitrary length, where λ is a unit of Z p m and m 2 is a positive integer. The class of constacyclic codes over Z p m includes the following two classes of codes as special cases: (i) when p = 2 the class of constacyclic codes coincides with the class of λ-constacyclic codes over Z 2 a where λ is any unit of Z 2 a with form 4k − 1 (cf. [4] ); (ii) when m = 2 and λ = p − 1 the class of constacyclic codes coincides with the class of (1 − p)-constacyclic codes over Z p 2 (cf. [11] and their images under a generalization of the Gray map.
Preliminaries
Let R be a finite commutative ring with identity. An ideal I of the ring R is called principal if it is generated by one element. If R has a unique maximal ideal, then R is a local ring; if the ideals of R are linearly ordered, then R is a finite chain ring. The ring R is a finite chain ring if and only if R is a local ring and its maximal ideal is principal. Examples of finite chain rings include Z p m and Galois rings. The following results are well-known facts about finite chain rings (cf. [12] 
Let a be the order of p modulo n. Then F p a contains a primitive nth root of unity. By Hensel's lemma, GR(p m , a) also has a primitive nth root ξ of unity. For each j, 0 j n − 1, there exists a unique i, 1 i r, such that
For a finite commutative ring R, a code over R of length N is a nonempty subset of R N , and a
, and a linear code C of length N over R is ω-constacyclic if the code is invariant under the ω-constacyclic shift τ ω . 
Since 
where 
The constant term of (3) is f (1) 
Hamming and homogeneous distances
Using the linear ordering of some classes of constacyclic codes over finite rings or fields, Dinh computed various kinds of distances of such constacyclic codes in [3] [4] [5] . In the following, we use this technique to compute the Hamming distance of (1 + λp) 
where 0 β p − 2,
where 1 t p − 1, and 1 k s − 1.
The homogeneous weight for finite chain rings was defined in [9] , where the concept of the Gray map between (Z 4 , Lee distance) and (Z 2 2 , Hamming distance) was extended to the context of finite chain rings. We recall the definitions for homogeneous weight and homogeneous distance for codes over GR(p m , a). 
where 1 t p − 1, and 1 k s − 1. 
The third and fourth cases follow from Theorem 3.7 and the fact that each component of code- Recall that N = p s n with gcd(n, p) = 1, where s 0 is an integer and p is a prime number. 
Discrete Fourier transform
It is well known that the discrete Fourier transform (DFT) is an important tool to better understand linear codes. Repeated-root cyclic and negacyclic codes over finite rings were studied using the discrete Fourier transform in [1, 2, 7, 8, 19] . Next, we use this transform approach to classify (1 + λp)-constacyclic codes over Z p m for a given length.
Let a be the order of p modulo n, and I a complete set of p-cyclotomic coset representatives modulo n. Let cl p (h, n) be the p-cyclotomic coset modulo n containing h, and a h the size of this coset. Let ξ be a primitive nth root of unity in GR(p m , a). 
We make C a ring via componentwise addition and multiplication. It is easy to verify that C ∼ = h∈I R(a h ). (12, 3 4 , 6) ternary code, which is an optimal code.
Conclusion
In this paper, we have established the structure of ( 
